We report the first isomeric-selective study of the dominant isomeric pathway in the OH-initiated oxidation of isoprene in the presence of O 2 and NO using the laser photolysis-laser induced fluorescence (LP-LIF) technique. The photolysis of monodeuterated/nondeuterated 2-iodo-2-methylbut-3-en-1-ol results exclusively in the dominant OH-isoprene addition product, providing important insight into the oxidation mechanism. On the basis of kinetic analysis of OH cycling experiments, we have determined the rate constant for O 2 addition to the hydroxyalkyl radical to be 1.0 -0.5 +1.7 × 10 -12 cm 3 s -1
I. Introduction
Isoprene (2-methyl-1,3-butadiene) is the dominant nonmethane organic compound (NMOC) emitted into the atmosphere by vegetation with an annual global emission rate of ∼500 Tg. 1 It represents almost 50% of all biogenic non-methane hydrocarbons on a global scale, 2 with an atmospheric concentration between 1-30 ppb. 3, 4 In the atmosphere, isoprene reacts with the OH radical, NO 3 radical, Cl radical, and O 3, 5 although a strong diurnal emission rate and high reactivity toward the OH radical results in chemistry dominated by OH-initiated oxidation (90%) with an atmospheric lifetime with respect to the OH radical of approximately 1.5 h. 6 The OH-initiated oxidation of isoprene is a central issue in atmospheric chemistry and is responsible for 50-100% of ozone production attributed to VOC oxidation in the continental U.S., 4 which has adverse effect on vegetation 7, 8 and human health. 7 Isoprene oxidation also leads to the formation of organic nitrates, which are responsible for removal of as much as 7% of the NO emitted in North America in the summer time, 6 accounting for 4% of nitrogen oxide transported from North America. 9 Isoprene is responsible for a 10% increase in the half-life of methane. 10 Finally, the oxidation of isoprene leads to US and global biogenic SOA formation of 50% and 58%, respectively. 11, 12, 13 The addition of OH to isoprene results in four distinct hydroxyl alkyl isomers (Figure 1 ), each of which ultimately leads to different first-generation end products. Although there has been no direct experimental determination of the branching between channels, theoretical work has predicted branching of 0.67, 0.02, 0.02, and 0.29, respectively, for isomers I, II, III, and IV, 14 with an overall rate of (1.0 ( 0.1) × 10 -10 molecule -1 cm 3 s -1 . [14] [15] [16] [17] [18] [19] End product analysis studies also suggest that OH addition occurs preferentially at the terminal carbons. 20, 21 The radicals formed from OH addition to the terminal carbons react with molecular oxygen under atmospheric conditions to form peroxy radicals, which subsequently react with NO to form alkoxy radicals. This contrasts with the dominant pathway for the radicals formed from OH addition to the inner carbons. For these radicals, recent studies have demonstrated that prompt isomerization to form R-hydroxyl alkyl radicals occurs followed by reaction with oxygen to form C 5 carbonyl compounds and HO 2 . [22] [23] [24] Theoretical studies suggest that decomposition is the sole fate for the -hydroxyalkoxy radicals [25] [26] [27] leading to the formation of methylvinyl ketone, methacrolein, and formaldehyde as firstgeneration end products. [28] [29] [30] [31] [32] [33] [34] The δ-hydroxyalkoxy radicals however, undergo prompt 1,5 hydrogen shift 35, 36 followed by hydrogen abstraction or reaction with O 2 to form C 5 or C 4 hydroxycarbonyl compounds. 37 Hydrogen abstraction by O 2 during the oxidation process generates HO 2 , which reacts with NO to regenerate OH radicals. Thus, the time-dependent kinetics of OH in the presence of NO and O 2 is a sensitive probe of the detailed mechanism of the oxidation process.
Until recently, studies of isoprene chemistry have been nonisomer-specific, that is, they reflect the reactivity of the combined pathways and are often insensitive to specific details of the isomeric pathways. In a previous study, we demonstrated that isomer-selective kinetic experiments permit the investigation of minor important channels in isoprene oxidation that are * To whom correspondence should be addressed. obscured by the major channel kinetics. 22, 23 The photodissociation of a suitable iodohydrin precursor provides a route to the formation of a single OH-isoprene adduct isomer, enabling such studies. In the present study, we focus on the major channel of the isoprene oxidation, and to this end, we have synthesized the photolytic precursor 2-iodo-2-methylbut-3-en-1-ol. In doing so, we reduce the complex chemistry of isoprene oxidation to the chemistry of a single pathway (species I in Figure 1 ), permitting determination of isomer-specific kinetic rate constants.
Product studies on the isoprene oxidation account for only 60-70% of the carbon balance (MVK + formaldehyde ≈ 30%; MACR + formaldehyde ≈ 27%; organic nitrate ≈ 10%; furan derivative ≈ 3%), 32 while predicting that carbonyl compounds may account for the remaining 30%. 34 Theory suggests that the major channel for isoprene oxidation may lead to ∼20% of the carbonyl compounds through δ-hydroxyalkoxy radicals. 37 Isomeric-selective studies would be valuable in assessing the chemistry that gives rise to the production of hydroxy carbonyls. The δ-hydroxyalkoxy radical can exist in either the (E) or the (Z) form. The yield of the (E)-δ-hydroxyalkoxy channel, although predicted from theoretical calculations, 32, 35 has yet to be measured experimentally since the complexity of the reaction systems has precluded a direct experimental confirmation. Isomer-selective isotopically labeled OH cycling experiments may provide quantification of this channel by measuring the relative formation of OD (Z) to OH formation (E).
The accuracy of regional air quality modeling depends on a detailed understanding of the mechanism of OH-initiated isoprene oxidation. The goal of our current study is to elucidate the mechanism of the dominant isomeric pathway of OHisoprene oxidation and consequently assess the validity of condensed chemical oxidation models.
II. Experimental Section
The photolytic precursor, 2-iodo-2-methylbut-3-en-1-ol, was synthesized following the methodology reported by Snider et al., 38 and we only provide a brief summary. Isoprene reacted with silver oxide (Ag 2 O) and iodine (I 2 ) in molar ratio of 2:1:1 in 1:1 water (H 2 O) and acetonitrile (MeCN) resulting in a 3:1 mixture of the tertiary and primary alcohol, respectively. The products were separated by solvent extraction and column chromatography and were identified by NMR, mass spectrometry, and IR spectroscopy (provided in the Supporting Information).
A detailed description of LP/LIF experiment has been given elsewhere, 39, 40 and here, we present only the salient features. The 248 nm beam from an EX10 Excimer laser (GAM laser) was used to photolyze the 2-iodo-2-methylbut-3-en-1-ol or the monodeuterated variant. The excimer beam was collinearly aligned through the kinetic cell with the probe laser beam tuned to 282 or 287 nm, used for the LIF detection of OH or OD, respectively. The probe beam was generated by doubling the output from a dye laser (Quantel TDL-51) running Rhodamine 590 dye or a mixture of Rhodamine 590 and Rhodamine 610 dye pumped by a 532 nm beam from an Nd:YAG laser (Spectra Physics Quanta Ray INDI). The OH/OD radical concentrations were monitored by measuring the OH/OD fluorescence by exciting at the Q 1 (1) transition of the A r X (1, 0) band. The resulting fluorescence was collected by a lens assembly and passed through an optical filter where it was detected by a photomultiplier tube (PMT) and integrated by a using a digital oscilloscope. The time delay between the two lasers was controlled by a digital delay generator (SRS DG-535). The 2-iodo-2-methylbut-3-en-1-ol precursor was introduced into the reaction cell using an MKS flow meter by flowing argon through a bubbler that contained the sample at room temperature (vapor pressure ≈ 1.5 Torr). NO (Sigma Aldrich, 98.5%) was purified to remove HONO and NO 2 by using an ascarite trap before buffering it with argon in a 5 L bulb and was introduced into the chamber through an MKS flow meter. The NO concentration inside of the cell was varied from 8. . The temperature of the reaction cell was maintained at room temperature (297 ( 3 K), and an MKS baratron was used to monitor the total pressure inside of the cell, which was buffered to 50 ( 1 Torr with argon.
III. Results and Discussion
In this section, we present the results obtained from OH cycling experiments and the related analysis of the data. We first describe OH cycling experiments using a nondeuterated precursor molecule, including a discussion on sensitivity analysis of the derived rate constants. Next, we describe kinetic experiments using a deuterated precursor molecule and the determination of branching between -and δ-hydroxyalkoxy radicals.
A. OH Cycling from the Nondeuterated Precursor. In these experiments, the precursor molecule, 2-iodo-2-methylbut-3-en-1-ol, was dissociated by a 248 nm laser pulse to form the radical (I) of the four possible isomers of hydroxyl isoprene radical ( Figure 1) . A simplified mechanism of OH cycling is described schematically in Figure 2 . The kinetics experiments rely on the time-dependent formation of OH as a function of O 2 and NO concentrations to provide information about rate constants of intermediate reactions and can be effective with judicious choice of experimental conditions guided by sensitivity analysis. These experiments were performed in a moderate to high NO concentration to ensure OH cycling, and the O 2 concentrations were maintained at a higher value to ensure a higher rate of OH formation than loss (see text below). A summary of the concentrations of reacting species is tabulated in Table 1 below. Figure 3 shows a typical set of experimental data from OH cycling experiments where the concentration of the precursor molecule was 2. primary alcohol + tertiary alcohol The prompt rise in OH signal following precursor photolysis is due to the fraction (25-30%) of nascent hydroxyl alkyl radicals produced with energy exceeding the threshold to decomposition to form OH and isoprene prior to collisional stabilization. In the absence of O 2 and NO, this OH signal exhibits an exponential decay due to reaction with the precursor with a rate constant of k 23 ) 1.3 × 10 -11 molecules -1 cm 3 s -1 . This value is similar to values measured for the rate of OH addition to similar compounds, 22, 23 presumably via OH addition to the iodohydrin double bond. In the presence of O 2 and NO, photolysis of the iodohydrin precursor and subsequent chemistry results in a OH signal that exhibits an initial rise over 150-300 µs due to the cycling mechanism shown in Figure 2 followed by decay due to termination reactions.
The numerical program KINTECUS 41 was used to simulate the experimental data as well as to perform sensitivity analysis. The 25 reactions that were used to simulate the OH cycling data are provided in Table 3 along with the corresponding rate constants. A more detailed 30 reaction mechanism which includes the OH cycling arising from the reaction of the OH radical with the precursor molecule IC 5 H 8 OH is given in the Supporting Information (Table T1 ). The fits using the extended model are virtually indistinguishable from those using the concise model as the OH cycling from the precursor molecule has little effect in the current experimental conditions. Therefore, we have used a simpler and more concise model in the paper to fit our data. The best fits to the data are shown as the solid lines in Figure 3 . The reaction mechanism given in Table 3 is shown in Figure 4 . One of the goals of the current study is to determine the rate constants for the intermediate reactions based on time-dependent hydroxyl radical measurements as a function of O 2 and NO concentrations. In order to assess the viability of extracting intermediate rate constants in this way, we rely on sensitivity analysis, which describes the dependence of the data on specific rate constants in the reaction mechanism. 42 The normalized sensitivity coefficient (NSC) is defined as where k i represents the rate constant of the ith reaction in the reaction mechanism and [OH] represents the concentration of the hydroxyl radical at a specific time. A NSC of 1.0, for example, indicates that a 20% change in the rate constant i results in a 20% change in the OH concentration at a given time. Figure 5 shows NSCs for all of the rate constants in the reaction mechanism evaluated at a NO concentration of 2. , respectively, at a reaction time of 171 µs. It is clear from inspection of Figure 5 that the OH concentration profile depends sensitively on a limited number of rate constants, specifically, the branching between metastable hydroxyalkyl radicals which decompose and thermalized hydroxyalkyl radicals (k 1 and k 2 ), the rate constant for the reaction of NO and hydroxyalkyl radical (k 3 ), the reaction of O 2 and hydroxyalkyl radicals (k 4 ), and the reaction of NO and the hydroxyalkylperoxy radical (k 7 ). Although the NSC for the NO + HO 2 rate constant (k 24 ) is comparable with that of the peroxy radical reaction with NO, it is a well-studied reaction, and we have adopted the reported room-temperature values. 16, 43 At moderate to high NO concentrations, the radical chain termination steps arising from the addition of NO to radical 
species become important as it affects the overall decay of the signal. The mechanism needs to incorporate these steps since the NO concentrations employed in this study are relatively high to ensure rapid cycling. We have used a rate constant of k 15 ) 3.0 × 10 -11 cm 3 molecule -1 s -1 , for the reaction of hydroxyalkoxy radical and NO, which is based on the value reported by Park et al., 44 and the recommendation made by Atkinson for similar reactions. 45 It is also similar to the rate constant of 3.9 ( 0.3 × 10 -11 cm 3 molecule -1 s -1 reported by Lotz and Zellner for the reaction of the 2-butoxyl radical with NO. 46 Work by Deng et al. 47 and Blitz et al. 48 also supports adopting a pressure-independent rate constant of 3.0 × 10 we have employed similar oxygen concentrations in our experiments to ensure maximum sensitivity to this rate constant in our simulations. The addition of either O 2 or NO to the hydroxyalkyl radical represents a competition between radical chain propagation (k 4 + k 5 + k 6 ) and chain termination (k 3 ), and it is the relative magnitude of these two rates, that is, k 3 [NO] and (k 4 
, that controls the shape of the simulated curve. As a consequence, both rate constants are strongly coupled. Thus, the value of k 3 will have an effect on the value of (k 4 + k 5 + k 6 ), and the range of k 3 will help to determine the range for (k 4 + k 5 + k 6 ). However, according to previous studies, the value of the NO addition rate constant has a relatively narrow range, 22, 23, 44 and we have adopted values ranging from 7.0 × 10 -12 to 2.0 × 10 -11 molecule -1 cm 3 s -1 ( Figure S1 , Supporting Information). We were unable to achieve satisfactory fits to our experimental data with values for k 3 outside of this range. We chose a value of 1.2 × 10 -11 molecule -1 cm 3 s -1 for k 3 since this value provides the best fit to the experimental data and agrees well with values used in previous studies. 23 Figure 6 ). Thus, the uncertainty in the value of k 3 results in a higher uncertainty in the value of (k 4 + k 5 + k 6 ), and we report a value of 1.0 -0.5 +1.7 × 10 -12 cm 3 s -1 for the O 2 addition to the hydroxyalkyl radical.
Although the exact value of this rate constant is unimportant under atmospheric conditions due to the high O 2 concentration, the value is necessary for accurate modeling of laboratory kinetics studies. Rate constants for O 2 addition to the hydroxylalkyl radical have been calculated theoretically, and the rate constant for isomer I was reported to be 2. The hydroxyperoxy radical reacts with NO under atmospheric conditions to form an activated nitrite species which promptly decomposes to form a hydroxyalkoxy radical and NO 2 , with a minor fraction isomerizing to form the stable nitrate. 52 Previous laboratory measurements of the rate constant for the hydroxyperoxy radical + NO reaction involved direct monitoring of the reactant hydroxyperoxy radical, that is, measurement of the overall loss rate via the pseudo-first-order decay of the hydroxyperoxy radical. 53, 54 In the present study, sensitivity analysis predicts a moderate NSC for NO to NO 2 conversion but a small NSC for the minor nitrate formation reaction. Thus, we are sensitive only to the rate constant k 7 and, on the basis of previous reports, have adopted a nitrate yield of 15% to assign a value for k 8. 53,54 The 15% nitrate yield represents the higher end of the predicted nitrate yield, 37, 44 which ranges from 4 to 15%. We have calculated the NSC for the hydroxyalkylperoxy radical + NO rate constant as a function of both reaction time and O 2 concentration. The sensitivity of the data to the rate constant increases with time to a maximum value near the observed onset of cycling (180 µs). The NSC also increases with increasing concentration of oxygen, reflecting the higher formation rate for the hydroxyalkylperoxy radical. We find that the NSC levels off at higher O 2 concentrations since the yield of the hydroxyalkylperoxy radical becomes invariant. On the basis of such analysis, we have determined a rate constant for the overall reaction of NO with the hydroxylalkylperoxy radical of 8. 45 Figure 7 shows the best fit (solid line) to the data obtained by using the above-mentioned value for the NO reaction rate with the hydroxylalkylperoxy radical, and the dashed lines represent upper and lower error bounds of 11.5 × Unimolecular reactions in the oxidation mechanism that arise from activated, nonthermal species have rate constants that exceed or are comparable to the collision frequency and are treated as instantaneous on the time scale of the overall kinetics. We have denoted these reactions (k 13 and k 20 ) as prompt in Table  3 , and the simulations are insensitive to the value utilized, provided the rate constants are >1.0 × 10 6 s -1 . The absolute values for these rate constants were not determinable in the current study, and we have used recommended rates from previous studies. 44 The reaction rate constants k 4 , k 5 , and k 6 in Table 3 correspond to relative branching ratios of different peroxy radicals. Reaction 4 corresponds to the branching ratio of -hydroxyperoxy radicals, which subsequently react with NO to form -hydroxyalkoxy radicals that undergo prompt decomposition. Reaction 5 corresponds to the branching of the Z-δ-hydroxyperoxy radicals which reacts with NO to form the corresponding alkoxy radicals, and reaction 6 refers to the branching ratio of the E-δ-hydroxyalkoxy radicals which reacts with NO to form its corresponding alkoxy radical. The E and Z forms of the δ-hydroxyalkoxy radicals undergo one to five hydrogen shifts to form dihydroxy radicals (Figure 4) . The Z form of the dihydroxy radical reacts with molecular oxygen by a Habstraction mechanism to form a C 5 -hydroxycarbonyl, whereas the E form of the dihydroxy radical reacts with O 2 and NO and subsequently decomposes to form a C 4 -hydroxycarbonyl. 25 Dibble has reported another potential pathway for the (E)-OHC 5 H 7 OH isomer from theoretical studies, which leads to the formation of a C 5 -dihydroxycarbonyl compound. 25 However, no product study has observed this species, 29 and we have concluded that the yield of this channel would be negligible; 55 hence we have not included this channel in our model. Dibble has also reported another potential fate of the Z-δ-hydroxyalkylalkoxy radical when it reacts with another oxygen molecule following electron delocalization. 56 However, the same author also suggests that the fractional yield of the above-mentioned channel would be very small (1-2%) ; 56 hence, we have not included this chemistry in our model. We find that an 80:20 relative branching between the -and δ-peroxy radicals provides the best fit to all of the data. Since theoretical calculations predict equivalent branching between the E and Z forms due to the low barrier associated with E/Z isomerization compared to the initial activation energy, 35 a 20% branching for δ-peroxy radicals corresponds to a branching of 10% for both E and Z channels. Our sensitivity analyses conclude that the current experiment is only moderately sensitive to the branching between theand the δ-hydroxyalkoxy radical channels and motivate our study of isotopically labeled OH/OD cycling.
B. Isotopically Labeled OH/OD Cycling Experiments. The use of a precursor molecule where OH has been replaced by OD can provide additional insight into the role of the E-δ-hydroxyalkoxy radical. As illustrated in Figure 4 , in an isotopically labeled experiment, both the -hydroxyalkoxy radical channel and the Z form of the δ-hydroxyalkoxy radical channel lead to the formation of OD. In contrast, the E form of the δ-hydroxyalkoxy radical will lead to the formation of OH. Thus, the observation of OH formation from a deuterated precursor is a signature of the production of the E form of the δ-hydroxyalkoxy radical channel. To pursue these studies, the precursor molecule was deuterated by dissolution in D 2 O for 30 min, followed by extraction from the aqueous solution. The reaction cell was passivated with D 2 O to reduce H/D exchange from the hydrogen adsorbed in the kinetic cell and inlet lines. Figure 8 shows the OH signal observed from cycling experiments using the photolysis of the deuterated precursor. This observation provides the first direct evidence for the role of the (E)-δ-hydroxyalkoxy channel in isoprene oxidation. The lower signal-to-noise ratio in this data is consistent with the low branching ratio (0.1) for this channel. It is clear from the data shown in Figure 8 that there appears to be a small contribution from prompt OH formation even though a purely deuterated precursor should only give rise to prompt OD signal. This suggests that there is a small fraction of deuterated precursor that undergoes H/D exchange prior to photolysis despite efforts to minimize exchange. The photolysis of this nondeuterated precursor should result in a similar fraction (25-30%) of prompt OH and isoprene prior to collisional stabilization. The dashed line shown in Figure 8 is a simulation assuming no exchange in the mechanism, while the solid line is a simulation assuming that only 6% of the deuterated precursor molecule undergoes H/D exchange prior to photolysis. This small contribution from H/D exchange provides a better fit to the experimental data. A significant fraction of H/D exchange would result in a much larger prompt signal, which is not observed. Although including the minor contribution of H/D exchange in the model improves the fit, the experimental results are still consistent with the presence of the (E)-δ-hydroxyalkoxy channel. Figure 9 shows the OD signal obtained from the OD cycling experiments using the deuterated precursor. In OD cycling using a deuterated precursor, a clear prompt rise in signal is seen, followed by a gradual change of signal over time similar to the data shown in the nondeuterated studies in Figure 3 . Since the (E)-δ-hydroxyalkoxy channel results in OH from a deuterated precursor, this channel decreases the amount of OD production due to cycling relative to the prompt OD signal. In this data, it is therefore the decrease in the ratio of the cycling signal to the prompt rise which provides an additional constraint in quantifying the yield of the (E)-δ-hydroxyalkoxy channel. The best fit to this data, as shown by the solid line, corresponds to a (E)-δ-hydroxyalkoxy channel branching of 10%, whereas the dashed line corresponds to no δ-hydroxyalkoxy channel ( Figure 9 ). It is worth noting here that alternate chemistry reported by Paulot and co-workers 57 suggests that the (Z)-δ-dihydroxy radical may also undergo a second O 2 addition, as opposed to undergoing H abstraction, to form a dihydroxyperoxy radical, which undergoes further reactions to finally form HO 2 , a route to produce OH via the (Z)-δ-dihydroxy radical channel starting from a deuterated precursor, in contrast to our model. The authors reported a branching of 0.35 for this dihydroxyperoxy channel within the (Z)-δ-peroxy channel and a branching of 0.65 for the traditional (Z)-δ-dihydroxy radical chemistry where the radical reacts with oxygen via hydrogen abstraction to form a hydroxycarbonyl and thus not leading to OH formation from a deuterated precursor. However, a fraction of the Z-dihydroxyperoxy radical channel, which leads to methylglyoxal and glycolaldehyde, will lead to the formation of OD from a deuterated precursor, and hence, this model with these reported branching ratios will result in only half of the OH signal from a deuterated precursor compared to what is observed in our isotopically labeled experiments. The branching of 0.35 for the O 2 addition channel seems to be an overestimate as previous studies suggest that R-hydroxy radicals react with O 2 almost exclusively by H abstraction. [58] [59] [60] The authors have also suggested that the E/Z branching would not be 1:1 but rather 0.15/ 0.85. Also, previous computational work 35 and modeling studies 32, 37 have estimated a nearly equivalent branching for the E and the Z isomers of δ-hydroxyperoxy radical channels. Furthermore, the chemistry proposed by Paulot et al. 57 predicts formation of 3-4% of methylglyoxal and glycolaldehyde as first-generation end products, which is contradictory to previous end product analysis studies. 28, 61 Thus, although this chemistry will reproduce our experimental results, we have not included this chemistry in our model as we think it will have a small contribution. A 2 analysis of the simulation fit to the data indicates that the error in this branching ratio is (3%, resulting in a final branching for the E channel of (10 ( 3)%, which will provide an upper limit to the branching of the (E)-δ-peroxy channel in case any other chemistry is capable of producing OH from a deuterated precursor. Assuming an equal yield of the E and the Z isomers of δ-hydroxyperoxy radical channels, this corresponds to a yield of (20.0 ( 5.0)% for the δ-hydroxyalkoxy channel, consistent with our nonisotopic results but with better error limits.
IV. Predicted End Product Distribution
This study has determined a branching ratio of (10 ( 3)% for the E form of the δ-hydroxyalkoxy radical channel and predicts an overall (20 ( 6)% yield for the δ-hydroxyalkoxy radical. Since the rate constants obtained in this study of the major channel are very similar to those obtained for isoprene-OH oxidation as a whole, 44 we predict that the other terminal OH addition channel (channel IV in Figure 1 ) will exhibit similar chemistry. On the basis of this assumption, we have predicted the end product distribution for two different initial hydroxyalkyl radical branching of 0.67:0.02:0.02:0.29 14 and 0.56:0.023:0.046: 0.37 15 for the channel I/II/III/IV and assuming two limiting values for the nitrate yields of 5 and 15%. The results are shown in Table 2 .
The yields of MVK, MACR, and hydroxycarbonyls vary from 38 to 51%, from 20 to 28%, and from 15 to 18%, respectively. These predicted yields are close to those found in other studies and used in chemical models. The predicted MVK yields probably represent the upper limit, but it depends largely on the initial branching of hydroxyalkyl radicals I, II, III, and IV ( Figure 1 ). We did not measure that branching in this study, and we have used reported value from literature. There are other conflicting values in the literature for that initial branching, and they lead to different final product yields. The hydroxycarbonyl yield from the current study is within the margin of error of other studies but is lower. Our current results for the terminal OH addition to isoprene, coupled with previous studies on the OH addition to inner carbons of isoprene, 22 enable us to express the OH-initiated oxidation of isoprene under high NO x conditions using a condensed mechanism (assuming an initial branching of I/II/III/IV ) 67:2:2:29) of isoprene + OH ) 0.10RONO 2 + 0.90HO 2 + 0.48MVK + 0.21MACR + 0.21ISPD + 0.92NO 2 + 0.75HCHO, where RONO 2 ) organic nitrate (assuming 10% nitrate yield), ISPD ) first-generation products other than MVK, MACR: hydroxycarbonyls, and C 5 -carbonyls, and NO 2 ) total NO 2 formed from NO.
V. Conclusions
The current study is the first isomeric-selective study on the major channel of isoprene oxidation. The results of the OH cycling experiment provide insight into channel branching and yield isomeric-selective rate constants. Sensitivity analysis has been employed to ensure that experimental conditions are suitable for determination of the rate constant for O 2 addition to the hydroxyalkyl radical and for NO reaction with the hydroxyperoxy radicals, and we have determined the rate constants of 1.0 -0.5 +1.7 × 10 -12 and 8. , respectively. Isotopically labeled studies have provided the first experimental evidence of the δ-hydroxyalkoxy channel, and we have determined an upper limit of (10 ( 3)% on the branching of the E form of the δ-hydroxyalkoxy radical channel.
Since the values of the intermediate rate constants for this major channel are similar to the values obtained for isoprene as a whole, we surmise that the other major channel (isomer IV in Figure 1 ) must have similar kinetic parameters associated with the OH-initiated oxidation. Hence, a condensed model including the chemistry of the δ-peroxy channel should provide an accurate enough description of isoprene-OH chemistry at high NO x conditions. experimental assistance provided by Trevor Makal and Dr. Kristin S. Dooley.
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